Abstract. Worldwide, diarrhea is a major contributor to morbidity and mortality in children; however, there are few data on the burden of diarrheal disease in Haiti. We conducted a retrospective review of hospital discharge registries from 2010 to 2012 in the pediatric wards of four Haitian hospitals and recorded the number of all-cause hospitalizations and deaths as well as diarrheal hospitalizations and deaths by age ( 2 and 3-5 years) and epidemiological week. Diarrhea was associated with 3,582 (33.7%) of 10,621 hospitalizations and 62 (11.5%) of 540 in-hospital deaths in children 5 years old. Of these children, 88.5% and 96.8%, respectively, were among children 2 years old. The highest proportions of diarrhea-associated hospitalizations occurred from January to April. At four Haitian hospitals over a 3-year period, during which time a major epidemic of cholera occurred, diarrheal disease in children 5 years was a major contributor to pediatric hospitalizations and mortality.
Diarrhea is an important cause of hospitalizations and death in children under 5 years old, particularly in low-income countries. Globally, diarrhea was estimated to cause 17.4% of deaths in children 1-11 months old and 11.9% of deaths in children 1-4 years old in 2010. 1 A Haitian Ministry of Health annual report from 2006 reported that an average of 14.3% of hospitalizations in children 5 years old were because of diarrhea, and 9.7% of hospitalizations in children 5 years old were because of parasitosis; taken together, they accounted for 24.0% of hospitalizations. 2 A 2012 study that used data collected from 1980 to 2009 from eight countries, including Haiti, estimated the proportion of deaths attributed to diarrhea (the diarrhea proportionate mortality) among children 5 years to be 10.0% in the Americas. 3 Rotavirus is a major cause of moderate-to-severe diarrhea in children under 5 years old worldwide. 4, 5 Haiti plans to introduce a vaccine against rotavirus in 2013. Current information about diarrhea burden in Haiti, particularly in the context of the ongoing cholera outbreak, which began in October of 2010, 6 is important to evaluate the impact of the vaccine.
We conducted a retrospective review of hospital discharge registries from 2010 to 2012 in the pediatric wards of four large hospitals that are part of a laboratory-enhanced syndromic surveillance system in Haiti. 7 These hospitals were chosen for inclusion in the surveillance system, because they are large facilities and located within a 3-hour drive of the National Public Health Laboratory (LNSP) in Port-au-Prince, making transport of specimens easily manageable. Two hospitals are in Port-au-Prince (one public and one mission hospital), and one hospital is in each of the Artibonite and Southeast Departments (both public hospitals) ( Table 1) . We recorded the number of all-cause and diarrhea hospitalizations and deaths by age ( 2 and 3-5 years) and epidemiological week. We considered the following admitting diagnoses to represent diarrheal illness: diarrhea, acute gastroenteritis, parasitosis, cholera, and dehydration. We conducted our review as part of a laboratory-based sentinel surveillance system, which was approved as a non-research activity by the Centers for Disease Control and Prevention-Atlanta and the Haiti Ethical Review Committee.
From January 1, 2010 to December 3, 2012, there were 10,621 total hospitalizations in children 5 years old at the four hospitals. Of these children, 3,582 (34%) children were admitted for diarrhea, including 665 (27% of total hospitalizations for that year), 1,117 (33%), and 1,800 (38%) children in 2010, 2011, and 2012, respectively ( Table 1 ). The change in the proportion of diarrhea patients among total hospitalizations in children 5 years over the 3-year period was statistically significant (χ 2 test for trend, P 0.001). Of all pediatric diarrhea hospitalizations, 3,169 (89%) hospitalizations were in children 2 years old.
There were 540 total deaths in hospitalized children 5 years old at the four hospitals; 62 (11.5%) deaths were caused by diarrhea. There was a small increase by year in the diarrhea proportionate mortality-from 9.4% in 2010 and 10.6% in 2011 to 14.1% in 2012-but the difference in proportions was not statistically significant (χ 2 test for trend, P = 0.35). Of 62 deaths in hospitalized diarrheal patients 5 years old, 60 (96.8%) deaths were among children 2 years old. The case fatality rate among hospitalized diarrhea patients was 1.7% for children 5 years old and 1.9% in children 2 years old.
The burden of diarrheal disease varied by hospital (Table 1 ). During the 3-year period, the proportion of hospitalizations in children 5 years old that was associated with diarrhea varied from a high of 50.0% (1,426/2,852) in St. Camille Hospital to a low of 13.3% (270/2,035) in St. Michel Hospital of Jacmel. Each year, there were seasonal peaks in diarrhea-associated hospitalizations from January to April (Figure 1) .
From 2010 to 2012, diarrhea was a major cause of hospitalization and death in children 5 years old in four hospitals in Haiti; the greatest burden of disease was among children 2 years old. Our finding that 33.7% of hospitalizations in children 5 years old during this 3-year period were caused by diarrhea is higher than the percentage of diarrhea-associated hospitalizations (24%) which was reported by the Haitian Ministry of Health for 8 of 10 departments in 2006. 2 In comparison, in the United States in the mid-1990s, a decade before the introduction of the rotavirus vaccine in that *Address correspondence to Mark A. Katz, US Centers for Disease Control and Prevention -Haiti, Unit 3400, Box 68, DPO, AA 34060, USA. E-mail: cfq6@cdc.gov country, an estimated 13.5% of hospitalizations of children ages 1 month to 4 years were associated with diarrhea. 8 In Haiti, the presence of a massive outbreak of cholera during much of the time period reflected in our data undoubtedly contributed to an increase in diarrhea-associated hospitalizations and mortality. The progressive annual increase in the proportion of diarrheal patients among all hospitalized patients during the 3-year period likely reflects a true increase in cholera-related admissions, and it may also reflect increased healthcare use for pediatric diarrhea because of increased public concern related to the cholera epidemic that began in October of 2010.
According to the Pan-American Health Organization (PAHO), rotavirus infection is responsible for approximately 40% of worldwide hospitalizations for diarrhea among children 5 years old. 9 In a study of sentinel hospital surveillance for rotavirus in 11 Latin American and Caribbean countries in 2006-2007, the median percentage of stool samples positive for rotavirus from children 5 years old hospitalized for diarrhea was 31.5%. 10 If a similar proportion of diarrhea hospitalizations attributable to rotavirus occurred in Haiti as those hospitalizations reported worldwide and in neighboring countries, the introduction of a rotavirus vaccine may dramatically reduce diarrhea hospitalizations.
Diarrheal hospitalization occurred throughout the year, but the percentage of diarrhea-associated hospitalizations was highest from January to April of all 3 years. In Haiti, this period, particularly from January to March, is generally cooler and characterized by less rainfall and lower average humidity compared with other months in the year.
11 The seasonal increase in diarrhea-associated hospitalizations that we found in Haiti is similar to findings in other tropical countries, including the Caribbean region, where increased diarrheal cases in children, largely driven by rotavirus, have been shown to occur during the cool and dry season. 10, 12 Recent results from a laboratory-based surveillance system for diarrhea in Haiti showed that, during 2012-2013, rotavirus peaked in the first few months of the calendar year. 7 More years of data collection are needed to better understand the seasonality of diarrheal hospitalizations in Haiti.
Our study had several limitations. We conducted our chart review at four hospitals in Haiti, and therefore, our findings may not be representative of diarrheal trends in the whole country or generalizable to the whole Haitian pediatric population. Our chart review also did not include external cholera treatment facilities, where presumptive cholera cases are hospitalized. Additionally, the criteria used by the healthcare professionals at each hospital to make discharge diagnoses may have differed between sites and between clinicians in the various sites. We were not able to validate the data from hospital registries. Furthermore, no laboratory testing was conducted to discern the etiology of diarrhea; as a result, we cannot comment on the specific pathogens that were associated with diarrhea during the study period. Potential changes in other factors that affect diarrhea incidence, such as water and sanitation, will make it challenging to assess the effect of rotavirus vaccine introduction using this data. However, the data from these four hospitals will serve as a useful baseline for the burden of diarrhea-associated hospitalizations in children before rotavirus vaccine introduction. The planned national introduction of rotavirus vaccine and the implementation of the recently launched National Plan of Action for the Elimination of Cholera in Haiti 13 have the potential to significantly reduce the burden of diarrhea in children. Pediatric diarrhea hospitalizations and deaths should be monitored to document trends in the burden that occur after these interventions.
